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METHOD FOR CLEANING THE EXHAUST
AIR OF A GRANULATING SYSTEM FOR
PRODUCING A UREA-CONTAINING
GRANULATE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Entry of Inter-
national Patent Application Serial Number PCT/EP2018/

054331, filed Feb. 22, 2018, which claims priority to Ger-
man Patent Application No. DE 10 2017 203 251.0, filed
Feb. 28, 2017, the entire contents of both of which are
incorporated herein by reference.

FIELD

The present disclosure generally relates to a process for
purifying the exhaust air from a granulation plant.

BACKGROUND

The exhaust air from a granulation plant for producing a
urea-containing granulate contains urea-containing dusts
and ammonia and puritying of the exhaust air 1s therefore
necessary before 1t can be discharged into the atmosphere.
Known processes for exhaust air scrubbing in ammonia-
containing gases generate an ammonium sulfate solution
having a low pH (about pH 2-4) which cannot be directly
subjected to further processing in this acidic form. An
upward pH adjustment 1s therefore necessary to avoid cor-
rosion damage 1n downstream process stages.

EP 2 477 961 B1 discloses a process for recovering urea
dust and ammonia from a gas stream, wherein the gas stream
1s contacted with a sulfuric acid solution to form an acid
solution of ammonium sulfate and urea, wherein this acid
solution 1s admixed with ammonia. In this known process a
gas stream containing air, urea and ammonia 1s contacted
with an aqueous sulfuric acid solution 1n a scrubbing appa-
ratus to form an acid solution of urea and ammonium sulfate.
This acid solution 1s subsequently neutralized in a neutral-
1zation apparatus by addition of ammonia and then concen-
trated 1n a further apparatus. In a mixing apparatus the ratio
of ammonium sulfate to urea may subsequently be increased
to a desired value by addition of ammonium sulfate before
the concentrated melt 1s finally processed mto a solid by
granulation or spray crystallization to obtain a solids mixture
of urea and ammomum sulfate as the end product.

EP 2 192 099 Al discloses a urea granulation process
containing an acidic exhaust air treatment. The ammonium
sulfate formed 1n the acidic exhaust air treatment may be
returned 1nto the granulation process.

WO 2016/074813 Al discloses a urea granulation process
comprising an exhaust air treatment comprising a dust
scrubbing and an acidic exhaust air scrubbing.

Thus a need exists for a process for purilying the exhaust
air from a granulation plant for producing a urea-containing
granulate that dispenses with an external post-neutralization
as a separate process step.

BRIEF DESCRIPTION OF THE FIGUR.

T

FIG. 1 1s a schematic view of an example installation for
purifying exhaust air of a granulation plant for producing a
urea-containing granulate.

DETAILED DESCRIPTION

Although certain example methods and apparatus have
been described herein, the scope of coverage of this patent
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1s not limited thereto. On the contrary, this patent covers all
methods, apparatus, and articles of manufacture fairly fall-
ing within the scope of the appended claims either literally
or under the doctrine of equivalents. Moreover, those having
ordinary skill in the art will understand that reciting *“a”
clement or “an” element 1n the appended claims does not
restrict those claims to articles, apparatuses, systems, meth-
ods, or the like having only one of that element, even where
other elements 1n the same claim or different claims are
preceded by “at least one” or similar language. Similarly, 1t
should be understood that the steps of any method claims
need not necessarily be performed in the order 1n which they
are recited, unless so required by the context of the claims.
In addition, all references to one skilled 1n the art shall be
understood to refer to one having ordinary skill in the art.
The present disclosure generally relates to processes for
purifying exhaust air from a granulation plant for producing
a urea-containing granulate wherein a gas stream containing
a urea-containing dust and ammonia contacts a sulfuric acid
solution or mitric acid solution 1n a scrubbing process.
According to the mvention 1t 1s provided that the scrub-
bing process comprises at least three separate sequential
scrubbing stages, wherein the gas stream 1s scrubbed with a
first weakly acidic scrubbing solution 1n a first scrubbing
stage and the gas stream exiting the first scrubbing stage 1s
scrubbed with a second scrubbing solution having a lower
pH than the first weakly acidic scrubbing solution 1n a
second scrubbing stage. The invention provides that a pre-
scrubbing of the gas stream 1n a pre-scrubbing stage, which
1s there to substantially reduce the amount of dust present 1n
the exhaust air stream, 1s arranged upstream of the first
scrubbing stage. To this end the gas stream may preferably
be scrubbed with a dilute urea-containing solution in the
pre-scrubbing stage. This generates a solution comprising an
clevated content of urea which may then in turn be concen-
trated by evaporation. The thus-recovered urea may be
reemployed 1n the granulation for producing a urea-contain-
ing granulate. This pre-scrubbing has the advantage that
there 1s already a markedly reduced dust content 1n the two
acidic scrubbing stages which follow. The separation of dust
scrubbing (pre-scrubbing stage) and actual acid scrubbing
(first and second scrubbing stage) allows for recycling of the
urca present in the gas stream into the granulator and a
separate removal of the ammonium sulfate generated in the
acid scrubbing (first and second scrubbing stage). The

ammonium sulfate may preferably be integrated into the
granulation process as described in W0O2012/034650 A1, 1o

example 1n [0018]-[0022] and [0036]-[0040].

In addition, urea liberates 1socyanates and ammonia
(NH;) upon contact with acid-containing scrubbing solu-
tions. In addition to their known toxic properties 1socyanates
exhibit a tendency for forming aerosols which may be
scrubbed out only with great difliculty and complexity and
are readily apparent in the exhaust air on account of their
brownish coloring. Examples for the removal of aerosols
may be found 1n

W02014/094987 Al. A further side reaction 1s the reac-
tion of urea with sulturic acid to afford mono- or diurea
sulfate which are not readily recyclable into the matenals
cycle.

A preferred development of the inventive solution to the
problem provides that an acidic scrubbing solution gener-
ated 1n the second scrubbing stage i1s recycled into the first
scrubbing stage and 1s used therein as the first weakly acidic
scrubbing solution. Herein, 1n particular the first scrubbing
solution 1n the first scrubbing stage may be run 1n crosscur-
rent with the gas stream to be scrubbed. Thus in this
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preferred varnant of the process according to the mvention
one 1mportant step for achieving a separate pH correction of
the acidic scrubbing solution within the multi-stage system
for scrubbing the exhaust air 1s the running 1n countercurrent
of the acidic scrubbing from a second scrubbing apparatus to
a first scrubbing apparatus.

The first scrubbing solution used in the first scrubbing
stage 1s only weakly acidic and thus has a higher pH than the
more strongly acidic second scrubbing solution used in the
second scrubbing stage. For example the first weakly acidic
scrubbing solution 1s a urea- and ammonium sulfate-con-
taining or ammonium nitrate-containing solution having a
pH 1n the range from about 3.5 to about 6.1, preferably
having a pH 1n the range from about 4.3 to about 5.3.

It 1s preferable when the second scrubbing solution has a
pH of less than about 2. For example concentrated sulfuric
acid or concentrated nitric acid and condensate from the
concentration apparatus for the generated urea-containing
and ammonium sulfate-containing solutions may be sup-
plied 1n order thus to produce the second scrubbing solution
having a pH of preferably less than 2.0 with which the gas
stream exiting the first scrubbing stage 1s scrubbed again 1n
the second scrubbing stage.

It 1s preferable when the first scrubbing solution 1n the first
scrubbing stage 1s run in crosscurrent with the gas stream to
be scrubbed.

The solution generated in the scrubbing operation in the
first scrubbing stage generally contains a certain content of
ammonium sulfate or ammonium nitrate and traces of urea
and 1s discharged from the first scrubbing stage preferably as
a solution having a pH which 1s for instance neutral or
slightly basic. The solution discharged from the first scrub-
bing stage after the scrubbing operation 1s thus preferably an
ammonium sulfate-contaiming or ammonium nitrate-con-
taining solution having a pH greater than 7. This neutral or
approximately neutral pH of the ammonium sulfate solution
or ammonium nitrate solution has the advantage that the
solution 1s no longer corrosive and may be directly subjected
to further processing, for example may be concentrated by
evaporation of the water content. A post-neutralization out-
side the scrubbing system 1s no longer necessary.

The gas stream 1s preferably scrubbed with a dilute urea
solution 1n the pre-scrubbing stage. This may preferably be
recirculated 1n the pre-scrubbing stage and subsequently sent
for concentration and recycling into the granulator.

In the process according to the invention suitable process
management thus makes 1t possible to carry out the above-
mentioned pH correction within the scrubbing system and to
dispense with an external post-neutralization as a separate
process step.

In a preferred development of the invention the more
strongly acidic scrubbing solution used 1n the second scrub-
bing stage may be produced when the second scrubbing
apparatus 1s supplied with concentrated sulfuric acid or
concentrated nitric acid and also with a condensate from the
concentration apparatus for the generated urea-containing
and ammonium sulfate-containing or ammonium nitrate-
containing solutions.

In a preferred development of the process according to the
invention the neutralized ammonium sulfate solution or
ammonium nitrate solution from the first scrubbing stage 1s
passed into the third scrubbing stage (pre-scrubbing stage),
thus allowing for further utilization of the ammonium sulfate
solution produced.

In a further preferred embodiment of the process accord-
ing to the mnvention the neutralized ammonium sulfate
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solution or ammonium nitrate solution from the first scrub-
bing stage 1s discharged and for example sent for separate
use or disposal.

It 1s preferable when the second scrubbing stage 1s sup-
plied with a condensate from a concentration apparatus for
the generated urea-containing and ammonium sulfate-con-
taining or ammonium nitrate-containing solutions. Conden-
sate feeding allows for dilution and adjustment of the
solution.

In a preferred development of the process according to the
invention the pre-scrubbing stage 1s likewise supplied with
a condensate from the concentration apparatus for the gen-
erated urea-containing and ammonium sulfate-containing or
ammonium nitrate-containing solutions, wherein 1n this pre-
scrubbing stage the urea-containing dust 1s preferably
scrubbed out with a urea-containing solution. Condensate
teeding allows for dilution of the solution. This pre-scrub-
bing increases the urea content of the solution since the
scrubbing solution absorbs urea-containing dust from the
exhaust air stream to be scrubbed.

The present invention further provides an installation for
purifying the exhaust air from a granulation plant for pro-
ducing a urea-containing granulate, 1n particular for use 1n a
process of the type described hereinabove, which comprises
at least a first scrubbing apparatus 1 which a gas stream
containing a urea-containing dust and ammonia from the
granulation plant for producing a urea-containing granulate
1s scrubbed using an acidic scrubbing solution and which
further comprises at least a second scrubbing apparatus 1n
operative connection with the first scrubbing apparatus 1n
which a gas stream exiting the {irst scrubbing apparatus 1s
scrubbed with a further acidic scrubbing solution having a
lower pH than the first scrubbing solution. The inventive
concept accordingly provides at least two sequential scrub-
bing operations 1n each case with acidic scrubbing solutions
and 1n each case in separate scrubbing apparatuses, wherein
scrubbing 1s eflected mitially with a weakly acidic first
scrubbing solution and subsequently with a more strongly
acidic second scrubbing solution. The 1vention provides
that the installation comprises at least a third scrubbing
apparatus which 1s arranged upstream of the first scrubbing
apparatus 1n the flow path and 1n which a pre-scrubbing for
scrubbing out dust from the gas stream takes place. This
considerably reduces the amount of dust to be absorbed 1n
the two acidic scrubbing stages arranged downstream.

It 1s particularly preferable when the installation accord-
ing to the mvention comprises at least one recycling conduit
by means of which a weakly acidic solution generated in the
second scrubbing apparatus 1s recyclable into the first scrub-
bing apparatus for use as the first acidic scrubbing solution.
In this variant it 1s thus particularly advantageous when the
weakly acidic scrubbing solution used 1n the first scrubbing
apparatus 1s produced by the scrubbing operation in the
second scrubbing apparatus and may then be recycled from
the second scrubbing apparatus into the first scrubbing
apparatus.

A further preterred development of the installation
according to the invention for purifying the exhaust air from
a granulation plant for producing a urea-containing granu-
late provides that said installation comprises an exhaust air
conduit which proceeds from a granulation plant for pro-
ducing a urea-containing granulate and leads into the third
scrubbing apparatus, wherein it further comprises an outlet-
side gas conduit exiting the third scrubbing apparatus for
exhaust air purified 1n the third scrubbing apparatus which
leads from the third scrubbing apparatus to the first scrub-
bing apparatus and wherein 1t further comprises an outlet-
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side gas conduit exiting the first scrubbing apparatus for
exhaust air purified 1n the first scrubbing apparatus which
leads from the first scrubbing apparatus to the second
scrubbing apparatus.

A further preferred development of the installation
according to the invention for purilying the exhaust air from
a granulation plant for producing a urea-containing granu-
late comprises at least one recycling conduit for a urea-
containing solution which proceeds from the third scrubbing
apparatus and leads to a concentration apparatus in which
this urea-containing solution 1s concentrated, wherein it
turther comprises means for recycling the thus-recovered
urea into the granulation plant for producing a urea-contain-
ing granulate.

An exemplary embodiment of the present invention 1s
more particularly elucidated hereinbelow with reference to
FIG. 1. The diagram shows a simplified process scheme and
only the plant parts relevant in the context of the present
invention are shown. Via an inlet conduit 10 the to-be-
purified exhaust air from a granulation plant for producing
a urea-containing granulate arrives in a scrubbing apparatus
11 which serves as a pre-scrubbing to scrub out the pre-
dominant proportion of the urea-containing dust from the
exhaust air stream. In the present application this pre-
scrubbing 1s also referred to as third scrubbing apparatus 11.
A condensate from the concentration apparatus for the
generated urea-containing and ammonium sulfate-contain-
ing solutions may be supplied to the scrubbing apparatus 11
via a conduit 12. Employed as the scrubbing medium 1n this
scrubbing apparatus 11 1s a urea-containing solution sup-
plied to the scrubbing apparatus via the inlet conduit 13. The
scrubbing procedure generates a urea-enriched solution
which may contain urea i1n a concentration of 45% for
example and which 1s discharged from the scrubbing appa-
ratus 11 via the outlet condut 14 and supplied to a concen-
tration apparatus in which the water present in the solution
1s largely evaporated in order that the highly concentrated
urea-containing solution may subsequently be recycled 1nto
the granulation plant for producing a urea-containing granu-
late.

After the scrubbing procedure in the prescrubber 11 the
gas stream largely freed of dust exits the scrubbing apparatus
11 via the gas conduit 15 and 1s then supplied to a scrubbing
apparatus 16 1n which the gas stream 1s scrubbed with a
weakly acidic solution, wherein in the present application
this scrubbing apparatus 16 1s described as the first scrub-
bing apparatus. The weakly acidic scrubbing solution used
in this first scrubbing apparatus which has a pH of 4.8 for
example and which 1s essentially a weakly acidic aqueous
solution of urea and ammonium sulfate or ammonium nitrate
1s supplied to the scrubbing apparatus 16 via the inlet
conduit 17. In the scrubbing apparatus 16 the weakly acidic
scrubbing solution 1s run in crosscurrent with the gas stream
introduced via the conduit 15. As 1s apparent from FIG. 1
this inlet conduit 17 for supplying the scrubbing solution
into the first scrubbing apparatus 16 1s an outlet conduit from
a second scrubbing apparatus 19 as elucidated hereinbelow.

The gas stream that has been scrubbed 1n the first scrub-
bing apparatus 16 exits this first scrubbing apparatus via the
gas conduit 18 and 1s then introduced into the second
scrubbing apparatus 19 1n which the gas stream 1s scrubbed
again, namely with an acidic scrubbing solution which 1is
more strongly acidic than the weakly acidic scrubbing
solution used 1n the first scrubbing apparatus 16. For this
scrubbing operation 1n the second scrubbing apparatus 19
concentrated sulfuric acid or nitric acid 1s mntroduced 1nto the
second scrubbing apparatus 19 via an mput conduit 20. A
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condensate from the process may also be supplied to the
second scrubbing apparatus 19 via the input conduit 21. In

the second scrubbing apparatus 19 the acidic scrubbing
operation 1s carried out for example with a scrubbing
solution having a pH 1n the range of about 1.5. After this
rescrubbing 1n the second scrubbing apparatus 19 the puri-
fied exhaust air stream 1s discharged via the outlet conduit 22
and may 1n principle be released to the atmosphere since 1t
1s virtually dust free and virtually no longer contains any
ammonia.

Since the gas stream introduced into this second scrub-
bing apparatus still contains ammonia this scrubbing opera-
tion of the gas stream 1n the second scrubbing apparatus 19
forms ammonium sulfate or ammonium nitrate by reaction
with the sulfuric acid or nitric acid introduced via the
conduit 20. Since a partial neutralization with the ammonia
from the gas stream takes place in the second scrubbing
apparatus the scrubbing operation produces a solution which
contains ammonium sulfate or ammonium nitrate and
residual urea and has a weakly acidic pH of for example 4.8.
This weakly acidic urea/ammonium sulfate or urea/ammo-
nium nitrate solution 1s then recycled via the outlet conduit
17 of the second scrubbing apparatus 19 into the first
scrubbing apparatus 16 and used therein as a scrubbing
solution which 1s run 1n crosscurrent with the gas stream
introduced via the conduit 15 and effects gas scrubbing in
the first scrubbing apparatus 16. The conduit 17 1s thus
simultaneously the inlet conduit for scrubbing solution 1n the
first scrubbing apparatus 16 through which the gas stream
flows first. A first gas scrubbing with a first weakly acidic
solutions thus takes place 1n the first scrubbing apparatus 16
and subsequently a second gas scrubbing with a more
strongly acidic scrubbing solution takes place 1n the second
scrubbing apparatus 19.

Since a further neutralization process takes place therein
through reaction of the weakly acidic scrubbing solution
with ammonia present in the gas stream it 1s possible to
discharge, from the first scrubbing apparatus 16 via the
outlet conduit 23, a substantially neutralized aqueous solu-
tion which contains a proportion of dissolved ammonium
sulfate or ammonium nitrate, contains residual urea and has
a pH of greater than 7.

In a variant shown 1n the exemplary embodiment accord-
ing to FIG. 1 of the invention the neutralized ammonium
sulfate solution or ammonium nitrate solution may also for
example be passed from the first scrubbing stage 16 into a
third scrubbing stage (pre-scrubbing 11) via the conduit 24.

The setup according to the invention thus comprises three
scrubbing stages for purifying the exhaust air released from
the granulator of dust (pre-scrubbing stage) and two subse-
quent stages for removing ammonia and simultaneously
raising the pH 1nto a range less corrosive for the conduits in
the first and second scrubbing stage.

LIST OF REFERENCE NUMERALS

10 Inlet conduit

11 Pre-scrubbing (third scrubbing apparatus)
12 Conduit for condensate

13 Inlet condwt for urea-containing scrubbing solution
14 Outlet conduit for urea-containing solution
15 Gas conduit

16 First scrubbing apparatus

17 Inlet condwt for scrubbing solution

18 Gas conduit

19 Second scrubbing apparatus

20 Inlet conduit for sulfuric acid or mitric acid
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21 Inlet conduit for condensate

22 Outlet conduit for purified exhaust gas stream

23 Outlet conduit for neutralized ammonium sulfate solution
or neutralized ammonium nitrate solution

24 Outlet conduit for neutralized ammonium sulfate solution
or neutralized ammonium nitrate solution

What 1s claimed 1s:

1. A process for punifying exhaust air from a granulation
plant for producing a urea-containing granulate, the process
comprising;

causing a gas stream containing a urea-containing dust

and ammonia to contact a sulfuric acid solution or a

nitric acid solution 1n a scrubbing process, wherein the

scrubbing process comprises at least two separate

sequential scrubbing stages imcluding:

pre-scrubbing dust out of the gas stream 1 a pre-
scrubbing stage, scrubbing the gas stream with a first
weakly acidic scrubbing solution 1n a first scrubbing
stage downstream of the pre-scrubbing stage, and

scrubbing the gas stream exiting the first scrubbing
stage with a second scrubbing solution having a
lower pH than the first weakly acidic scrubbing
solution 1n a second scrubbing stage.

2. The process of claim 1 comprising recycling an acidic
scrubbing solution generated 1n the second scrubbing stage
into the first scrubbing stage as the first weakly acidic
scrubbing solution.

3. The process of claim 1 wherein the first weakly acidic
scrubbing solution 1s a urea- and ammonium sulfate-con-
taining solution or an ammonium nitrate-containing solution
having a pH in a range from 3.5 to 6.1.

4. The process of claim 1 wherein the second scrubbing
solution has a pH of less than 2.

5. The process of claam 1 wherein the first scrubbing
solution 1n the first scrubbing stage i1s run in crosscurrent
with the gas stream to be scrubbed.

6. The process of claam 1 comprising discharging an
ammonium sulfate-containing solution or an ammonium
nitrate-containing solution having a pH of more than 7 from
the first scrubbing stage.

7. The process of claim 1 comprising scrubbing the gas
stream with a dilute urea solution 1n the pre-scrubbing stage.

8. The process of claim 1 comprising passing a neutral-
1zed ammonium sulfate solution or a neutralized ammonium
nitrate solution from the first scrubbing stage into the
pre-scrubbing stage.

9. The process of claim 1 comprising discharging a
neutralized ammonium sulfate solution or a neutralized
ammonium nitrate solution from the first scrubbing stage.
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10. The process of claam 1 comprising supplying the
second scrubbing stage with a condensate from a concen-
tration apparatus for the urea-containing and ammonium
sulfate-contaiming or ammomum nitrate-containing solu-
tions.

11. The process of claim 1 comprising supplying the
pre-scrubbing stage with a condensate from a concentration
apparatus for the urea-containing and ammonium sulfate-
containing solutions.

12. An 1installation for purilfying exhaust air from a
granulation plant for producing a urea-containing granulate,
the 1nstallation comprising:

a first scrubbing apparatus 1n which a gas stream contain-
ing a urea-containing dust and ammonia from the
granulation plant 1s scrubbed using a first acidic scrub-
bing solution;

a second scrubbing apparatus in operative connection
with the first scrubbing apparatus in which a gas stream
exiting the first scrubbing apparatus 1s scrubbed with a
second acidic scrubbing solution having a lower pH
than the first acidic scrubbing solution; and

a third scrubbing apparatus disposed upstream of the first
scrubbing apparatus in a flow path, wherein pre-scrub-
bing occurs 1n the third scrubbing apparatus for scrub-
bing out dust from the gas stream.

13. The installation of claim 12 comprising a recycling
conduit by way of which a weakly acidic solution generated
in the second scrubbing apparatus i1s configured to be
recycled into the first scrubbing apparatus as the first acidic
scrubbing solution.

14. The installation of claim 12 comprising:

an exhaust air conduit that extends from the granulation
plant into the third scrubbing apparatus;

a first outlet-side gas conduit exiting the third scrubbing
apparatus for exhaust air purified 1n the third scrubbing
apparatus that leads from the third scrubbing apparatus
to the first scrubbing apparatus; and

a second outlet-side gas conduit exiting the first scrubbing,
apparatus for exhaust air purified in the first scrubbing
apparatus that leads from the first scrubbing apparatus
to the second scrubbing apparatus.

15. The installation of claim 12 comprising:

a recycling conduit for a urea-containing solution that
extends from the third scrubbing apparatus to a con-
centration apparatus 1n which the urea-containing solu-
tion 1s concentrated; and

means for recycling recovered concentrated urea-contain-
ing solution into the granulation plant.
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